OBJECTIVE: The advent of percutaneous aortic valve implantation has increased interest in the outcomes of conventional aortic valve replacement in elderly patients. The current study critically evaluates the short-term and long-term outcomes of elderly (≥80 years) Australian patients undergoing isolated aortic valve replacement.
INTRODUCTION
The continually rising global life expectancy has resulted in a significantly increased population over the age of 80 years. People aged 85 years and above are predicted to make up 5-7% of the Australian population, as compared with the existing 1.6%, within the next few decades [1] . Aortic stenosis (AS) is the most common valvular lesion amongst the elderly in Western populations. As an age-progressive disease, prevalence of AS has been found to increase from 2.5% at 75 years to 8.1% at 85 years [2] .
Despite recent advances of trans-catheter aortic valve replacement as a potential treatment option, conventional open heart aortic valve replacement (AVR) remains the only definite treatment for AS which improves long-term survival [3] . The operative risk of AVR has constantly improved over the recent years, with large studies showing in-hospital mortality rates as low as 0.5% [4] . Contemporary data have demonstrated that the survival of appropriately selected octogenarians is comparable to that of younger patients. However, up to one-third of octogenarian patients with symptomatic AS continue to be denied surgery solely based on their age [5] . This is likely as a consequence of inconsistent survival data amongst octogenarians reported in past studies, with perioperative mortality rates varying from 0% to 11.7% [4, 6, 7] . Large-cohort studies investigating long-term outcomes post AVR are also scarce.
We examined the short-and long-term outcomes of AVR in a cohort of 2790 consecutive patients, comparing the morbidity and mortality rates between octogenarians and nonoctogenarians.
MATERIALS AND METHODS
The inclusion criterion for the study was all patients undergoing isolated AVR between 1 June 2001 and 31 December 2009 at hospitals in Australia participating in the Australasian Society of Cardiac and Thoracic Surgeons (ASCTS) National Cardiac Surgery Database Program. Patients having concomitant coronary artery bypass graft surgery or other concurrent cardiac surgical procedures were excluded from this study. All six Victorian public hospitals that perform adult cardiac surgery -The Royal Melbourne Hospital, The Alfred Hospital, Monash Medical Centre, The Geelong Hospital, Austin Hospital, and St Vincent's Hospital Melbourne -were involved in the prospective data collection during the entire period. In addition, 14 cardiac surgical units from South Australia, New South Wales, and Queensland have entered the database project in the last 30 months of the study period and contributed 32% of the total patient numbers.
The ASCTS database contains detailed information on patient demographics, preoperative risk factors, operative details, postoperative hospital course and morbidity and mortality outcomes. These data were collected prospectively using a standardised data set and definitions. Data collection and audit methods have been previously described. In the State of Victoria, the collection and reporting of cardiac surgery data is mandated by the State Government; hence, it is all inclusive. Data validation has been a major focus since the establishment of the ASCTS database. The data are subjected to both local validation and an external data-quality audit program, which is performed on site to evaluate the completeness (defined as <1% missing data for any variable) and accuracy (97.4%) of the data held in the combined database. Audit outcomes are used to assist in further development of appropriate standards. The Ethics Committee of each participating hospital had previously approved the use of deidentified patient data contained within the database for research and waived the need for individual patient consent.
For the purpose of this study, patients were divided into two groups: those undergoing isolated AVR who were ≥80 years of age and those undergoing isolated AVR who were <80 years of age. Preoperative characteristics, early outcomes and long-term survival were compared between the two groups.
Eleven early postoperative outcomes were analysed. These were: (1) 30-day mortality, defined as death within 30 days of operation; (2) permanent stroke, defined as a new central neurologic deficit persisting for >72 h; (3) postoperative acute myocardial infarction (AMI), defined as at least two of the following: enzyme level elevation, new cardiac wall motion abnormalities, or new Q waves on serial electrocardiograms; (4) new renal failure, defined as at least two of the following -serum creatinine increased to more than 200 μmol l , doubling or greater increase in creatinine versus preoperative value, or new requirement for dialysis or haemofiltration; (5) prolonged ventilation (>24 h); (6) multi-system failure, defined as concurrent failure of two or more of the cardiac, respiratory, or renal systems for at least 48 h; (7) septicaemia, defined as positive blood cultures supported by at least two of the following indices of clinical infection -fever, elevated granulocyte cell counts, elevated and increased CRP and elevated and increased ESR, postoperatively; (8) gastrointestinal (GI) complications, defined as postoperative occurrence of any GI complication; (9) deep sternal wound infection involving muscle and bone, as demonstrated by the need for surgical exploration and one of the following -positive cultures or treatment with antibiotics; (10) return to the operating theatre for any cause; and (11) return to the operating theatre for bleeding. The diagnosis of stroke was made clinically and usually confirmed by neurology review and supported by imaging, as dictated by the institution.
To assess the role of octogenarian status as a predictor for each early outcome, logistic regression analysis was used to adjust for 17 preoperative patient variables, with the outcome as the dependent variable (variables in Table 4 ). Long-term survival status was obtained from the National Death Index. The closing date was 18 March 2010. A Kaplan-Meier estimate of survival was obtained. Survival was compared with age-and sex-matched population life estimates from the Australian Bureau of Statistics. Differences in long-term survival were assessed by the log-rank test. The role of octogenarian status in long-term survival was assessed by constructing a Cox proportional hazards model using octogenarian status and other preoperative patient characteristics as variables. Continuous variables are presented as mean ± one standard deviation. The Mann-Whitney U test was used to compare two groups of continuous variables. The Fisher exact test or the chi-square test was used to compare groups of categorical variables. All calculated values of p were two-sided, and p < 0.05 was considered significant. Statistical analysis was performed using Statistical Package for Social Sciences (SPSS ® ) for Windows version 17.0 (SPSS, Munich, Germany).
RESULTS

Patient demographics and preoperative variables
Of 2790 patients who met the study inclusion criteria, 531 (19.0%) were aged 80 years and over (group 1), whereas 2259 (81.0%) were aged <80 years (group 2). The mean age in group 1 was 83.39 ± 2.96 years compared with 64.93 ± 12.05 in group 2. Group 1 patients were more likely to be female (59.6% vs 38.0%, p < 0.001). Preoperative and demographic characteristics of the two groups are provided in Table 1 .
Intraoperative data
There were some differences in intraoperative variables between the two groups ( Table 2 ). The duration of cardiopulmonary bypass (CPB) support and aortic cross-clamping were generally shorter in group 1 patients ( p < 0.001). Group 1 patients were more likely to receive a bioprosthetic valve compared with group 2 patients (92.7% vs 59.9%, p < 0.001). The mean size of the implanted valve was smaller in group 1 patients (22.40 ± 2.23 mm vs 23.44 ± 2.38 mm, p < 0.001). The mean size of the implanted valve was also significantly smaller in group 1 women compared with men (21.20 ± 1.75 mm vs 23.60 ± 1.81 mm, p < 0.001). Consultant surgeons were observed to perform surgery more in group 1 patients compared with group 2, but this was not statistically significant (87.7% vs 84.9%, p = 0.064).
Early outcomes
Significant differences between the groups were documented in early postoperative outcomes (Table 3) . Overall 30-day mortality was 2.3%, and the 30-day mortality was 4.0% in group 1 and 2.0% in group 2. After adjustment for differences in patient variables, elderly status was not a predictor for 30-day mortality (odds ratio (OR), 1.58; 95% confidence interval (CI), 0.86-2.90, p = 0.144). Elderly status was associated with new renal failure (odds ratio (OR), 2.88; 95% CI, 1.98-4.19, p < 0.001), prolonged ventilation (OR, 1.69; 95% CI, 1.19-2.36, p = 0.003) and GI complications (OR, 2.48; 95% CI, 1.22-5.05, p = 0.012). The logistic regression model predicting 30-day mortality is shown in Table 4 . Group 1 patients had a significantly higher mean postoperative length of stay (11.7 ± 9.6 days vs 9.6 ± 9.3 days, p < 0.001) and intensive care unit stay (63.6 ± 90.9 h vs 46.8 ± 82.6 h, p < 0.001) compared with group 2 patients.
Late outcomes
Long-term survival at 1, 3, 5 and 7 years postoperatively was lower in group 1 compared with group 2 (89.7% vs 95.9%, 81.6% vs 92.8%, 71.9% vs 88.6% and 59.7% vs 81.6%; Fig. 1 ). This difference persisted after adjusting for difference in patient variables (OR, 2.48; 95% CI, 1.91-3.23; p < 0.001). However, the survival of elderly patients post AVR is comparable survival to an age-and sex-adjusted Australian population data. The 5-year survival of male elderly patients undergoing AVR (mean age, 83.4 years) at 65% is comparable to the expect survival of age-matched Australian males (mean age, 83 years) at 64.3% (Fig. 2) . Similarly, the 5-year survival of female elderly patients undergoing AVR (mean age, 83.4 years) at 75.4% is comparable to the age-adjusted survival of age-matched Australian females (mean age, 83 years) at 72.3% (Fig. 3) . A Cox regression model predicting late mortality is summarised in Table 4 . Apart from age, 
DISCUSSION
The natural course of disease progression of AS typically comprises a long asymptomatic phase lasting a few decades before a significantly shorter symptomatic phase resulting from severe narrowing of the aortic valve orifice. Patients with asymptomatic AS have comparable life expectancy as age-and sex-matched controls [8] . However, the onset of symptoms portends a poor prognosis, with a predicted 3-year survival for patients presenting with angina and syncope and only 1 year for patients who have developed left-ventricular failure [9, 10] . Hence, the development of symptoms is a definite indication for AVR to be promptly performed. The therapeutic benefits of AVR remain true for the extremes of age. Varadarajan and colleagues [15] revealed a dramatically improved 5-year survival in octogenarians who underwent AVR compared with conservative management (68% vs 22%). Despite the consensus regarding the survival benefits of AVR, there is reluctance in offering surgery to this high-risk population. This is likely due to previous studies reporting elevated operative mortality rates of up to 14% in elderly patients [11] . However, much effort has been invested over the past decade in advancing the surgical efficacy of AVR and lowering the operation-associated mortality.
Our findings revealed an overall 30-day mortality of 2.3% for the entire cohort, and 4.0% amongst the octogenarians. This compares favourably with the short-term mortality findings from other published studies and provides evidence that surgery is the best treatment option for AS, even in elderly patients. A study reviewing post-AVR outcomes in octogenarian patients conducted by Kolh and colleagues revealed a higher 30-day mortality of 10% [6] . More recently, Likosky and colleagues conducted a large registry study, comprising of 575 patients older than 80 years and a total cohort size of 7584 patients, which found a 6.7% and 11.7% 30-day mortality for the 80-84 years and ≥85 years' age group, respectively. The results revealed a strong statistically significant relation between older age and increased 30-day mortality (p < 0.001) [7] . This, however, was not illustrated in our results, which showed no significant relation between age >80 years and 30-day mortality. Overall, the low 30-day mortality in the current study provides good evidence that surgical AVR should remain the gold standard in the treatment of AS. Despite the encouraging short-term outcomes, it is undeniable that octogenarians more frequently encounter stormy recoveries postoperatively. Our results showed significantly greater incidence of renal failure, GI complications, and prolonged ventilation in elderly patients. Filsoufi and colleagues similarly encountered challenges with the delicate balance of maintaining respiratory function in the elderly population, revealing a much higher prevalence of postoperative respiratory failure amongst octogenarians as compared with non-octogenarians (12.6% vs 7.4%, p = 0.01) [12] . There is also an increased frequency of new renal failure in the elderly population. However, this renal insufficiency is likely transient. A similar study found that, despite the higher rate of developing renal failure, there was no increased risk of developing severe renal failure requiring dialysis, amongst octogenarians [4] . Octogenarians were also found to require longer intensive care and hospitalisation. This is a common finding in most existing literature [4, 7, 12] , and are an anticipated sequelae considering the increased postoperative morbidity found in the elder cohort.
The long-term survivorship of a patient postoperatively is an important factor in determining whether an intervention should be performed. Our study findings revealed that post-AVR patients had life expectancies comparable to their age-and sexmatched Australian peers. Our 5-year survival rate of 71.9% amongst the older patients is in agreement with existing longterm survival analyses of octogenarians post AVR. Recent studies have also shown excellent outcomes with 5-year survival ranging between 54.7% and 75.7% [6, 7, [12] [13] [14] [15] . These excellent data thereby provide strong evidence to suggest that conventional AVR is the 'gold standard' treatment option for AS.
Especially in an elderly population, preservation of quality of life is imperative. Kolh and colleagues assessed the quality of life in 130 patients on follow-up post AVR and found that 81% had New York Heart Association (NYHA) scores of II or less, and 54% were angina free [6] . Huber and colleagues similarly reviewed postoperative quality of life amongst octogenarians after cardiac surgery, and found that 93% of patients experienced improvements symptomatically and 97% remained capable of maintaining acceptable self-care [16] .
Risk evaluation using the logistic European System for Cardiac Operating Risk Evaluation (EuroSCORE) has been found to overestimate the perioperative mortality amongst octogenarians undergoing AVR. It, however, proved to be a relatively efficient predictor of long-term survival [17] . Its prognostic performance has been found to be generally poor in AVR patients and progressively worsens with increased individual risk, such as for patients of older age [18] . Hence, a high EuroSCORE should not lead to indiscriminate denial of intervention to octogenarians.
In view of the significantly improved mortality rates associated with AVR, the approach of operating only on patients with severe symptomatic AS should be reassessed. This is especially crucial in light of emergency/urgent surgery being a wellrecognised predictor of perioperative and long-term mortality [19, 20] . Patients should be managed more promptly and aggressively at earlier stages of the disease to avoid acute deterioration, hence lessening the chances of requiring emergency intervention. This is the largest AVR registry study in Australia till date. As one of the few studies comparing post-AVR outcomes between octogenarians and non-octogenarians, the findings provide insight into the viability of surgery for this specific group. This study also highlights the need for further investigation. For example, elderly patients were observed to have shorter CPB times compared with younger patients. Whilst this may be attributed to the fact that senior surgeons, who are generally quicker, are more likely to operate on elderly patients, our study suggests an unexplained cause for this disparity may exist. Further investigation is clearly necessary. The main limitation is that it is a retrospective review, and although capturing all surgical patients, there is potential selection bias that would have precluded a fair comparison between men and women.
Overall, the results in the current study are amongst the best reported in a large group of patients undergoing isolated AVR. They provide strong evidence, in an era of percutaneous AVR that conventional AVR should remain the 'gold standard' in the treatment of AS, even in selected elderly patients. In fact, our data suggest that the patient-selection process may therefore be too stringent, and a less restrictive approach may ensure that prompt intervention is provided for more elderly patients.
